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l . INTRODUCTION 
1.1 General Remarks 
In the past decade, due primarily to increases in cost of construction, 
cold-formed steel-deck sections have been more frequently used in composite 
floor slabs, The steel-deck serves both as formwork for concrete during 
construction and as positive reinforcement for the slab. A system in 
which the steel deck has some mechanical means of providing positive inter-
locking between the deck and the concrete is termed as a composite steel-
deck floor slab. l An example is shown in Figure l[l]. 
The mechanical means of providing positive interlocking between the 
deck and the concrete is usually achieved by using shear transferring 
devices, such as rolled embossments, transverse wires, holes, etc. 
There are many advantages [2] in using cold-formed steel decking in 
floor slab systems. Steel decking serves as a form and stays in place to 
serve as prin1ary positive bending tensile reinforcement. It is economical, 
cost-saving, and can be easily handled and placed. The deck surface acts 
as a safe platform for workmen, tools, and equipment. It reduces the 
likelihood of construction fires and provides a ceiling surface. The 
steel decking reduces the time of construction significantly since casting 
1All tables and figures are compiled in Appendices A and B, respec-
tively. 
2 
of adjacent floors may proceed without having to wait for previously cast 
floors to gain strength to support shoring. 
1.2 Object 
The primary objective of this investigation was to investigate the 
possible effects of the concrete compressive strength (f') on the shear-
c 
bond failure mode. In order to achieve this objective, a series of tests 
were conducted with both low and high strength concrete on simply supported 
one-way slabs, subjected to two-point loading, as shown in Figure 2. 
The above objective included experimental slab element (beam) testing, 
compilation of data and theoretical analyses of steel-deck slabs. The 
theoretical analyses included verification of f' in the shear-bond design 
c 
equation, multiple regression, a simple rationing of f' strength and 
c 
other proposed equation evaluation predictions. 
1.3 Scope 
In accordance with the continuing research at Iowa State University, 
a laboratory test program consisting of simple beam elements of steel-deck-
reinforced slabs were cast in the structural laboratory. A total of eight 
specimens were cast, of which four were made of low strength concrete with 
the other four made of high strength concrete. Two different lengths of 
specimens were used; namely, 15'-4 11 and 7'-8". All specimens were sub-
jected to the same loading which consisted of two-point loading, as shown 
in Figure 2. 
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The specimens were constructed using two types of shoring conditions. 
The shorter specimens were supported only at the ends, whereas the longer 
specimens were supported at the ends as well as at the center line. 
The specimen's behavior was observed by noting the crack patterns, 
the load at first end-slip, the failure load at ultimate, the failure mode 
(shear-bond), and the load versus vertical deflection measurements. In 
addition, all beams were attached with end-slip measuring devices which 
measured the horizontal slip between the steel deck and the concrete at the 
two opposite edges perpendicular to the corrugations of the deck. 
Also, 011e long specimen in.each series was instrumented with strain gages 
attached to the centerline. Strain measurements were recorded at various 
load increments. Dial gages were placed at both the load points and the 
specimen center to measure the deflections at the load increments. 
1.4 Review of Literature 
The major portion of the research on steel-deck-reinforced slabs was 
initiated at Iowa State University in 1967 under the sponsorship of the 
American Iron and Steel Institute. The research resulted in obtaining 
many design equations for predicting the load-carrying capacity of one-way 
steel-deck-reinforced slabs. Several research reports and publications 
have been written at Iowa State University [e.g., 2-10). 
Shear-bond was found in the above-mentioned previous research to be 
the primary mode of failure [2). The shear-bond failure is characterized 
by the formation of a diagonal tension crack in the concrete, at or near 
one of the load points, followed by a loss of bond between the steel deck 
4 
and the concrete. Slippage between the steel and concrete is observed at 
the end of the span. See Figure 3. Composite action is lost over the 
beam segment defined by the shear span length, L'. Physically, the shear 
span, L', is the distance from the support reaction to the concentrated 
load. The end-slip usually occurs at the experimental ultimate failure 
load, P , and is followed by a significant drop in load and increase in 
e 
deflection [8]. 
The American Concrete Institute (ACI) Equation 11-6 was modified to 
arrive at the design equation for shear-bond capacity [2). Design recom-
mendations for steel-deck floor slabs are given in Reference 3. 
Very limited research has been done to find the effect of concrete 
strengths on steel-deck-reinforced slabs. The investigation presented here 
includes behavior and analysis of steel-deck-reinforced slabs having dif-
ferent strengths of concrete. The primary variable in this investigation 
was the concrete compressive strength, f'. 
c 
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2. EXPERIMENTAL PROCEDURE 
2.1 Specimen Preparation 
2. 1. 1 General remarks 
All the eight specimens were designed using the ACI standard building 
code requirements for reinforced concrete [11] and the proposed recom-
mendations for steel-deck-reinforced slabs [12]. 
The main purpose of this test program was to obtain experimental test 
data and to find the effects of concrete strengths on steel-deck slabs. 
To accomplish this purpose, eight specimens were prepared and tested in 
the Structural Engineering laboratory. 
2. 1. 2 Material 
The material used in the construction for all the specimens consisted 
of corrugated cold-formed steel decking and Portland cement concrete. 
Each specimen was constructed with a single panel of steel decking con-
1 sisting of nominal twenty-gage Type 0 deck having a thickness of 0.0347 
inches and a height of corrugation of 3 inches. The cross-sectional area 
of the steel deck was approximately 0.575 square inches per foot of width. 
Care was taken to insure that the steel decks were free of all foreign 
matter, such as grease and oil. 
1A letter designation is used in place of the manufacturer's name. 
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The concrete used in this investigation was mixed in the structural 
laboratory by using a nine cubic foot output capacity mixer. The mix 
designs for both the low and the high strength concrete were done 
individually using non air-entrained structural grade concrete [13, 14]. 
The mix for high strength concrete was designed by decreasing the water-
cement ratio to the minimum value required for complete hydration of the 
cement, and using both a water reducing agent and a superplasticizer. 
The admixtures were added to the mixing water before it was poured into 
the mixer. After placement of all the constituents in the mixer, care was 
taken to see that there was uniform mixing of the concrete in the mixer. 
The admixtures improved the workability of the concrete. The maximum 
size of the coarse aggregate used was 1 inch. Control cylinders of six 
by twelve inches were taken for each mix. The mix proportions for both 
the low and high concrete strengths are given in Table 1 in Appendix A. 
2.1. 3 Description of beam specimens 
All the eight specimens, which were cast and tested, had a nominal 
width of three feet and an overall thickness of SY, inches. All these 
specimens were reinforced with three-inch deep, 20-gage, Type 0 deck. 
Four of the eight specimens were cast with a low strength concrete mix, 
and the other four with a high strength concrete mix. There were two 
different lengths used. Two of the four specimens cast in each of the 
low and high strength concrete series consisted of a length equal to 
15'-4" and the other two in the series with a length equal to 7'-8". 
The workmanship and procedures used in making all specimens was the same 
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The ~jmaller .specimens required two batches, while the longer specimens re-
quired four batches. The two- or four-batch specimens were cast so that 
each concrete batch was placed symmetrically from each end of the specimen 
length. Standard control cylinders were made using 6xl2 inch waxed card-
board cyli.nder molds for each pour. The control cylinders were prepared 
in accordance with ASTM C 39-66 specifications. Vibration of the concrete 
was done using a small laboratory type, one-inch diameter head vibrator. 
Screeding was done after all the concrete was poured. After some time, a 
trowel was used to obtain a good finish of the surface of the specimens. 
2. l. 4. 3 CuriEJl To aid in obtaining high strength concrete, those 
specimens with the high strength co11crete mix were moist cured for a 
longer period than those with the low strength concrete mix. For the low 
strength specimens, wet burlap and plastic sheets, which were placed 4 to 
5 hours after concrete placement, were removed after allowing the specimens 
to cure for seven days. All forms were stripped at seven days, and all 
the specimens were allowed to cure for a minimum of 28 days. Shoring 
supports were removed after 7 days, and the specimens were stacked. 
For the high strength concrete specimens, the wet burlap and plastic 
sheets were placed 4 to 5 hours after placement of concrete and allowed 
to moist cure for the entire 28-day period by frequently rewetting the 
burlap. Removal of the wet burlap and plastic sheets occurred at the end 
of 28 days. All forms for these specimens were also stripped at 7 days 
while shoring supports were removed only after 28 days. 
The control cylinders were moist cured exactly like the beam specimens. 
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For the low strength concrete series, the control cylinders were stripped 
of their cardboard casing and allowed to air dry after 7 days, while the 
control cylinders for the high strength concrete series were stripped of 
their cardboard casing after 7 days and moist cured for the entire 28 days 
along with the other beam specimens. 
2.2 Test Equipment 
2.2.J Loading apparatus 
The loading apparatus shown in Figure 2 consisted of two 25-ton 
rams with a manual pump and was designed to provide two-point loading to a 
simply supported beam. The hydraulic cylinders were placed at distances 
L' from each support. The beam reaction supports were placed 3 inches 
from each specimen end. The load from the cylinders was transferred to 
two wide-flanged beam sections (W 10x45) each three feet long, which dis-
tributed the load across the width of the specimens as a line loading. 
Neoprene bearing pads (3" x 9" x 9") were placed between steel bearing 
plates at points of load application to insure a more uniform load dis-
tribution. Steel plates were placed directly over the neoprene pads before 
the load was applied. The loading apparatus and tested specimens are 
shown in Figures 4, 5, 6, 7 and 8. 
The control cylinders were capped and tested according to ASTM 
Specification C 39-72. A 400-kip capacity universal testing machine was 
used to test the cylinders to obtain the compressive strength of the con-
crete. 
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2.2.2 Instrumentation 
Instrumentation included devices for measuring vertical deflections, 
end-slips and strain. All specimens were attached with displacement dial 
gages to measure vertical deflection and end-slip. The vertical deflec-
tions were measured from dial gages placed under the specimen at the center 
point and under the two load points (Figure 2). The end-slip between the 
concrete and the steel deck was measured using a dial gage at each end of 
the specimen. Each dial gage was mounted on a steel rod (1/2 inch 
diameter), which was embedded in the concrete to provide a support for the 
base of the dial gage. Steel cubes (1/2" x l" x l") were welded to the 
underside of the deck to provide contact surface for the stem of the dial 
gage. See Figure 9. 
Strain gages were used on two of the long specimens, one on the low 
strength and one on the high strength series. The gages were placed on the 
underside of the steel deck, on the lower corrugation at the center of the 
slab. The strain readings were measured at every load increment. 
2.3 Testing Procedure 
The 6 x 12 inch control cylinders were broken periodically to deter-
mine the compressive strength of concrete at various stages. Control 
cylinders were broken at 7, llr and 2\ days and on the day of testing of the 
specimens, to give the required strength. At least three cylinders were 
used to obtain an average value of the concrete compressive strength, f'. 
c 
The value of f' used in the analyses was that obtained on the day of testing 
c 
of each of the beam specimens. The specimens were moved using a 20-ton 
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overhead crane and by the use of lifting anchors placed in the concrete 
before casting. 
The reactions consisted of a pinned and a roller end placed under 
bearing plates. The pinned end provided the horizontal restraint with a 
solid bar welded to a lower bearing plate. The roller end consisted of a 
hollow tube which was placed in between two bearing plates to allow for 
horizontal movement during testing (Figure 8). 
Loading was applied and maintained at each 1000-lb. increment level 
until the necessary deflection, end-slip and strain gage readings were 
recorded. Cracking characteristics, mode of failure and evidence of visual 
end-slip between concrete and steel deck were observed and recorded. 
2.4 Test Measurements 
The experimental test measurements for the eight specimens tested 
consisted of both numerical and behavioral observations. These observa-
tions included the data obtained from the specimens' material properties, 
the ultimate loads as shown in Table 2, vertical deflections, end-slip 
deflections, strains, failure modes and crack patterns. 
The material properties given in Tables 2 and 3 included both the 
dimensions of the specimens and the properties of both concrete and steel 
deck, such as the clear span (L), average width of specimens (b) found 
from measurements at one-foot intervals, average out-to-out depth of speci-
mens (D) found from measurements at one-foot intervals, steel-deck thickness 
(td), concrete compressive strength (f') c , moment of inertia (Isf), cross-
12 
sectional area of steel (A), yield strength of steel (f ), modulus of 
s y 
elasticity of steel deck (E) and modulus of elasticity of concrete (E ). 
s c 
The ultimate loads were recorded for each specimen and are shown in 
Table 2. 
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3. BEHAVIORAL RESULTS 
3. l Slab Behavior 
The behavioral characteristics obtained from the test data performed 
an important role in the comparison of concrete strengths in the steel-deck 
slabs. In the following sections, failure modes, load-deflection beam 
behavior, strain gage behavior and end-slip results are discussed. The 
results of the various data taken during the experiment gave a good de-
scription of the slab behavior. 
3.1.1 Failure modes 
All the specimens cast in the laboratory failed due to loss of shear-
bond strength. The shear-bond mode of failure was characterized by the 
formation of a diagonal tension crack at or near the load in all eight 
specimens tested, as illustrated in Figure 10. This failure was accom-
panied by end-slip between the steel deck and concrete, thus causing the 
concrete shear span portion, L', to become disengaged, resulting in an ob-
served loss of bond between steel deck and concrete. Figures 4, 5 and 6 are 
photographs showing the beam speci.mens which failed in shear-bond. The 
arrows in the figures indicate the position of the applied line loads. The 
shear-bond failure occurred very abruptly, followed by a significant drop 
in loading under the action of a hydraulic testing system. This reduction 
in load was due to the loss of bond as was evident from end-slip readings. 
Strength tabulations for the specimens tested are given in Table 2. 
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All of the eight specimens tested failed by the shear-bond mode. 
3.1.2 Load-deflection behavior 
Load vs. deflection behavior diagrams, shown in Figures 11-14, illus-
trate the behavior of the beams. The load-deflection behavior for the low 
strength series is shown in Figures 11 and 12 and for the high strength 
series in Figures 13 and 14. 
Several stages of behavior were observed when the load was gradually 
increased from zero to ultimate. There were four stages which were of 
primary importance [15, 16]. The first was the stage before cracks formed, 
where the concrete and steel acted as a fully composite section and the 
tensile bending stresses were carried proportionally by both concrete and 
steel deck. The resisting interlocking force between the concrete and 
steel was not active during this stage. The second was the stage at 
flexural cracking when the mechanical interlocking devices began to trans-
fer load in the horizontal direction, causing the resisting mechanical 
interlocking force between concrete and steel deck to become active at 
that region. The third was the stage after cracks had formed, where the 
resisting mechanical interlocking capacity of the system in the vicinity 
of the crack had been exceeded and the resisting frictional forces were 
acting, permitting the composite slab to still sustain a load. The fourth 
was the stage at failure, where the load carrying capacity of the composite 
slab is said to have reached its ultimate load when the combined resisting 
mechanical interlocking and frictional forces reach their ultimate capac-
ities within the failure shear span. Any additional load after this stage 
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will cause the composite slab to fail, resulting in loss of composite 
action and large end-slips. A resulting fifth stage occurs after ultimate 
and is dependent on the loading device and speed applied. 
Figures 11 - 14 show plots of the load-deflection diagrams for four 
of the eight specimens tested. The moment of inertia of the beam until load 
observed at first crack, P , is reached is based on uncracked concepts. er 
After P is reached, the cracked moment of inertia, I is effective. All er er 
moments of inertia calculated for the composite beams in this investigation 
were based on the transformed section concepts, with the steel transformed 
to an equivalent concrete area. 
A typical view of the 20-gage, 3-inch deep steel deck is shown in 
Figure 15. For the purpose of simplifying the calculations involved, an 
equivalent deck is shown in Figure 16. Both the cracked and uncracked 
moments of inertia for t11e specimens were obtained from first principles 
using Figure 16. These calculated moments of inertia were compared with 
those given in the Tentative Criteria for Design and Construction of Com-
posite Steel-Deck Slabs (12), which are as follows: 
Moment of Inertia of Uncracked Section 
For the uncracked moment of inertia, the centroidal axis location y 
cc' 
as shown in Figure 16, is 
0.5bD2 + nA d - (C - w ) bdd (D - 0.5dd) s s r c 
s (1) 
Yee 
bd + nA b dd (C - w ) s c s r 
s 
16 
where C cell spacing in inches 
s 
W = average rib width in inches 
r 
The resulting uncracked moment of inertia is: 
I 
un 
bt3 
__ c +ht 
12 c ( 0 • St ) 
2 A 2 Yee - c + nisf + n sycs 
Moment of Inertia of Cracked Section 
When Yee ,; (D - dd), then 
d[ /2pn 2 Yee + (pn) - pn] 
E A 
where p and n s s E 12d c 
The resulting cracked moment of inertia is: 
I = E_ (y ) 3 + nA 
er 3 cc s ( )
2 
yes + nisf 
+ 
The effective moment of inertia, Ieff' for the composite steel-deck 
deflection computation is taken as simply the average of the standard 
cracked and uncracked moments of inertia. This is given by 
I + I 
un er 
2 
(2) 
(3) 
(4) 
(5) 
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The center of gravity and moment of inertia for all the eight speci-
mens tested, using the uncracked and cracked section concepts, are shown 
in Table 4. The straight line relationship of the load vs. deflection 
based upon computed uncracked and cracked moments of inertia are shown in 
Figures 11 and 14. The deflection for a particular load was obtained using 
the following equation: 
(6) 
where P is any load on the load-deflection curve and L' is the shear span 
length. The allowable uniform superimposed live load, LL, was arrived at 
by using the ACI load factors (11) to arrive at the following expression as 
given in Reference 3: 
LL 1 1. 7 
2V 
(~ 
L (7) 
where y accounts for the portion of the dead load added upon removal of the 
shore support, as discussed in Section 4 .1. 1. 3, and W 1 is the weight of the 
slab, in pounds per square foot. At design live load, the load-deflection 
diagrams in Figures 11 and 14 were found to be closer to the effective moment 
of inertia, Ieff' than either Iun of Icr 
The strain energy stored in the various beams was studied from load-
deflection curves (Figures 11 - 14). The strain energy absorbed by a speci-
men was calculated by measuring the area under the load-deflection curve 
until ultimate load. Since the beam suddenly deflected and failed at the 
ultimate load, a specific deflection could not be obtained corresponding 
with the ultimate load. Therefore, in order to be consistent in all 
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specimens, the strain energy was calculated by measuring the area under 
the load-deflection curve up to 90% of the ultimate load. The value 90% 
was chosen arbitrarily for all the load-deflection curves. 
The strain energy calculations indicate that there is an increase of 
7% in the strain energy absorbed by the high strength concrete specimens 
over the low strength concrete specimens. There was also an increase in 
strain energy for the long shear span specimens over those of the short 
shear span for the same concrete strengths. 
3.1.3 End-slip deflections 
The end-slip measurements were recorded and are shown graphically in 
Figure 17. In order to verify the mode of failure, an observation of the 
end slip was necessary. The end-slip resulted from the type of failure 
with the concrete within the shear span (L') becoming disengaged from the 
steel deck at the time of ultimate failure. All the specimens cast for 
this particular research recorded no end-slip until the time of ultimate 
load, when the failure forced the concrete shear span section outward with 
respect to the steel deck. The load vs. end-slip deflection curves for 
beams constructed with low strength and high strength concrete mixes for 
the same shear span is shown in Figure 17. There was no difference in the 
overall behavior for all the speci1nens, since the first observation of end-
slip occurred simultaneously with the ultimate load. The high strength con-
crete specimens resulted in a higher ultimate load at the first observation 
of slippage. 
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3.1.4 Strain gage behavior 
Two of the long specimens were strain gaged to obtain the behavioral 
characteristics of the beams. As discussed in Section 2.2.2, the strain 
gage was attached to the underside of the steel form in the longitudinal 
direction. The strain measurements were recorded at different load inter-
vals. The load vs. strain behavior for the beams tested was compared to 
that found from load-deflection behavior and was found to give a similar 
behavioral pattern. 
3.2 Experimental Strength Comparisons 
The specimens made with high strength concrete showed a significant 
increase in load carrying capacity as compared to the specimens made of 
low strength concrete. Table 5 gives the tabulated results of the per-
centage change in shear. For the specimens with the 18-inch shear span, 
there was an increase of 17.7%, while for the specimens with the 60-inch 
shear span, there was an increase of 11% in shear-bond strength of the 
high strength series over the low strength series of specimens. 
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4. ANALYSIS 
4.1 Linear Regression Analysis 
4.1.1 ACI equation 
4 .1.1. 1 Equation formulation A linear regression analysis was 
performed both with the already existing Iowa State University data [4] 
and the data obtained from the eight specimens of this investigation. The 
following American Concrete Institute formula [11] was used to derive the 
linear regression curves [5]: 
v 
u 
bd 
v d 
1.9~ + 2500 p ~ 
u 
(8) 
The above equation can be rewritten using the regression constants 
m and k and also the relation M 
u 
v 
u 
bd 
mpd f7T L' + kvf~ 
or can be further written as (3): 
v 
u ~--= 
bd/f' 
c 
mrd 
If' L' 
c 
+ k 
V L': 
u 
(9) 
(10) 
where V is the computed shear based on the constants m and k obtained from u 
the slope and intercept, respectively, from a linear regression analysis of 
the specimen data. The ordinate and abcissa values 
v pd e 
and are 
bd/f' ff' L' 
c c 
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respectively, where V is the experimental shear value obtained from 
e 
laboratory tests. 
A linear regression analysis was also done on the same ACI equation 
with the same data but omitting the concrete strength. Thus, the equation 
formulated was: 
v 
u 
bd 
mpd 
L' + k 
A computer program written in 1974 was used to perform a linear re-
(11) 
gression analysis [SJ, i.e., the determination of m and k values from the 
experimental data. These constants can be obtained from plots showing the 
v 
e relationships between ~~-
bd/f' 
c 
and pd , for the same type of deck. 
ff' L' 
c 
The test data collected from all one-way slab elements were keypunched 
on computer cards. A computer program utilizing an Itel AS6 model computer 
compiled and printed the data from the tests conducted on the test specimens. 
The test variables used in the computer program included the following: 
(1) Manufacturer and deck type 
(2) Nominal gage thickness of steel deck 
(3) Shear span 
(4) An indication of a retested specimen 
(5) Concrete pour number 
(6) Age of testing 
(7) An indication of the presence of strain gages 
(8) Ultimate applied load (P ) 
e 
(9) Dead load 
(10) Type of failure 
(11) Clear span 
(12) Type of loading 
(13) Specimen width 
(14) Average out-to-out depth 
22 
(15) Out-to-out depth at major failure cracks 
(16) Cross-sectional area of steel decking 
(17) Distance to centroid of steel deck area as measured from bottom 
of deck 
(18) Depth of steel deck 
(19) Steel deck thickness 
(20) Moment of inertia of steel deck 
(21) Yield strength 
(22) Modulus of elasticity of steel deck 
(23) Surface coating condition of deck 
(24) Concrete compressive strength 
(25) Shoring condition 
(26) Presence of any supplementary reinforcing 
(27) Spacing of mechanical shear transferring devices 
(28) An indication if the decks were greased 
(29) Concrete type 
The above 29 variables are associated with each specimen. The speci-
mens were grouped on the basis of up to seven of these variables. A brief 
outline of the Fortran IV program [5] is as follows: 
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(a) Read in the sort variables: up to eight of the 29 variables 
were used to sort the data. 
(b) Read specimen data: 29 variables for each specimen were read as 
input. 
(c) Print specimen data: the values of the 29 variables for each 
specimen were printed [4, 5]. 
(d) Compute X and Y values for each specimen: the equation was of 
the form Y = mX + k, where X and Y varied according to the specified data. 
(e) Sort specimen into groups: specimens with common sort variables 
were grouped together. 
(f) Perform linear regression analysis on each group: the method of 
least squares was used to develop a program to fit a straight line through 
the data (17]. 
(g) Calculate measure of "goodness-of-fit" for each group: the 
measure of the best fit line included average percent error, correlation 
coefficients, percent error and 80% confidence intervals for the line. 
(h) Compute the average correlation coefficient and percent error for 
all specimens: the progran1 computes and prints out a summary of results 
from the linear regression analysis which was performed for each group of 
specimens. The computer prints the number of specimens in each group, slope, 
intercept, correlation coefficient, average percent error and sort variable 
value. 
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4.1.1.2 Effects of grouped and sorted f' 
c 
The linear regression 
computer program was used several times to determine the effects of con-
crete compressive strengths on the shear-bond failure mode when the con-
crete strengths were grouped or sorted according to ranges of f'. Tables 
c 
6 and 7 give the results of the data when f' was grouped and when they 
c 
were sorted according to a specified range. There were two sets of ranges 
used in this analysis. The first set consisted of ranges from 2600 to 
3600 psi, from 3600 to 4600 psi, from 4600 to 5600 psi, from 5600 to 10400 
psi. The second set was from 2600 to 5200 psi and from 5200 to 10400 psi. 
The above-mentioned ranges were used on the already existing Iowa State Uni-
veristy data and data obtained from this investigation. 
The percent error totals indicate that there is a slight error in 
omitting f' from the equation evaluation. This error is minimized when the c 
analysis is done with f' sorted according to the above-mentioned specified c 
ranges as compared to sorting with all f' values combined. This compari-
c 
son shows that the sorting of f' according to a specified range does give c 
better results for the f' effect on the shear-bond strength. The little or c 
no difference in the error totals, shown in Tables 6 and 7, depends upon 
ranges selected for f 1. The previous Iowa State University data did not c 
show any data of higher concrete strengths over 4720 psi. Since the error 
totals for f' sorted in Table 7 are higher than the error totals in Table 6, c 
sorting according to a finer range of f' is found to have a better effect on c 
shear-bond strength. 
For all the eight specimens 
v 
e was made of the parameters, ~~-
bd/f' 
c 
(which failed in shear-bond mode) a plot 
as ordinate and pd 
L' If' 
c 
as abscissa, as 
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after removal of the shore, as discussed in Section 4.1.1.3, and w1 is the 
weight of the slab. The constants m and k are obtained from the computer 
output. The experimental shear-bond capacities are those found directly 
from laboratory testing, with a shoring condition included, as discussed 
above. The results are shown in Table 8. 
The beams constructed with the short shear span gave good correlation 
between experimental and calculated values as compared to beams constructed 
with long shear spans. The experimental and calculated values for the long 
shear span specimens fell outside the :J::l5% margin outlined by the dashed 
lines. This may be due to various reasons and is recommended for further 
research. 
4.1.1.3 Effects of shoring condition The specimens were grouped 
with the shoring condition as a common variable. As described in Reference 
3, the effect of dead weight and shoring condition was included by addition 
to the ultimate load, that portion of the dead weight which is introduced on 
the composite sec ti on when shoring is removed. That is, if the slab were 
unshared, then no dead weight correction was made. If the specimen were 
completely shored, then the total dead weight was added to the ultimate 
load since all the specimen weight was superimposed on the composite section 
when shoring was removed. Lastly, if the specimen were shored at midspan, 
five-eighths of the dead weight was added to the ultimate load. 
A variable number identified the type of shoring present (5). If the 
specimen were supported at each end and at center, 
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v 
e 
p e 5 
z + 16 (wDL x b x L) /144. 
If t11e specimen were continuously supported, then 
v 
e 
F 
~+ 
2 x b x L) /144. 
If the specimen were supported at each end only, that is, if it were un-
shored, then 
v 
e 
p 
e 
2 , where P e is the ultimate applied load. 
Linear regression analyses were performed to evaluate the correction 
due to shoring. The results of the analyses are shown in Table 9. Combin-
ing all shoring conditions resulted in a higher percent error as compared 
to when they are separated. The percent error totals in Table 9 indicate 
that there is an increase in error in the equation evaluation when f' is 
c 
omitted. 
Table 10 summarizes results obtained from linear regression analyses 
performed on the eight specimens alone. There seems to be less error when 
the shoring correction is made. 
Figures 23 and 24 show the shear-bond relationships for all the data 
using Equation 10 (modified ACI equation), respectively for the cases when 
shoring is combined and when it is separated. There appears to be more 
scatter in Figure 23 when shoring is combined. This leads to the conclusion 
that separating shoring conditions does improve the shear-bond capacity. 
The shear-bond relationship for the separated shoring condition, when f' 
c 
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is omitted, is shown in Figure 25. When comparing Figures 24 and 25, more 
scatter exists when f' is omitted from the equation evaluation. 
c 
4.1.2 Schuster-Ling equation 
4.1.2.1 Equation formulation Schuster and Ling [15], based on 
their discussion of the behavior of composite slabs experiencing early end-
slip, developed an alternative interlocking (shear-bond) equation. This 
equation was based on the moment balancing technique commonly used in rein-
forced concrete, ·that is, balancing the external or applied moment with tlle 
internal reacting moment at the location of failure crack. The equation can 
be written as follows for the purpose of carrying out statistical computa-
tions: 
V L' + M 
u d 
bd m + kL' (13) 
er rearranging the terms for linear regression: 
1 
m L' + k (14) 
1 VeL'+Md 
where X and Y values are L' and bdL' respectively. The moment Md, at 
distance L' from the support resulting from the dead weight of the slab, has 
to be corrected for each shoring condition as follows: 
If the specimen were supported on each end and center, 
5 
16 wDLLL'b/144; 
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if the specimen were continuously supported, 
1 
2 wDLLL' b/144; 
and if the specimen were supported only at the ends, 
The previously used computer program [5] was performed to do a linear 
regression analysis on Schuster-Ling's equation. The constants m and k 
were obtained from the computer output and substituted into Equation 14 to 
compute values of ultimate shear. 
4.1.2.2 Effects of grouped and sorted f' 
c 
To study the results of 
the effects of grouped and sorted f', a computer program [5] was performed 
c 
on the obtained data using Equation 14. The analysis was done using four 
specified ranges of concrete compressive strengths, namely 2600 to 3600 psi, 
3600 to 4600 psi, 4600 to 5600 psi, and 5600 to 10400 psi. Table 11 shows 
the results of the analyses, when the f' values were grouped and when they 
c 
were sorted. The percent error totals indicate that there was an increase 
in error when f' values are grouped than when they were sorted according to c 
the above-mentioned ranges. Figures 26, 27 and 28 represent, respectively, 
plots of ultimate strength shear-bond relationships for the eight specimens 
using Equation 14, when f' was sorted according to the ranges 2600 to 5200 c 
psi and 5200 to 10400 psi and when f' was combined. Points near the origin 
c 
resulted from beams having failed in shear-bond resulting in long shear 
spans, and, conversely, points at the extreme right resulted from beams sub-
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jected to short shear spans. 
A comparison of the experimental vs. calculated ultimate shear-bond 
capacities using Equation 14 for the eight specimens is shown in Figure 29. 
The calculated shear-bond capacities were obtained from Equation 14, using 
the constants m and k given in Figures 26 and 27. Table 12 also gives the 
comparison between the experimental and calculated ultimate shear-bond 
capacities. Figure 29 gives excellent correlation between experimental and 
calculated values which lie between the +15% margin. 
4.1.2.3 Effects of shoring condition There was a considerable 
influence of shoring condition on Equation 14. The same computer program 
was utilized several times to obtain the effects of shoring co11dition on 
this shear-bond equation. Three different shoring conditions were used as 
mentioned in Section 4.1.1.3, namely, completely shored, completely un-
shared and shored at midspan. 
The results of the analysis for Equation 14 using the Iowa State Uni-
versity data are shown in Table 13. An appreciable increase in error was 
observed (from the error totals) when shoring correction was not included 
in the computer program when performing the regression analysis. There is 
also a slight increase in error when shoring conditions are combined as 
compared to when they are separated, as shown in Table 13. The computer 
program utilizing Equation 14 was performed on the data obtained from the 
eight specimens cast in the laboratory. The results show an increase in 
error when shoring correction is not included in the analysis, as shown in 
Table 10. 
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Figures 30 and 31 are plots showing the relationship between 
1 
and L' of Equation 14 for the conditions of with and without shoring cor-
rections. Figure 32 gives a plot when all shoring types are combined on 
the same regression analysis. When observing Figure 30 versus Figure 31, 
the extra error by not considering the shoring correction does not appear 
on the graphical scale to he significant; however, the results shown in 
Table 13 indicated a higher error when the correction is not made. 
Table 10, however, indicated that more error existed if the shoring correc-
tion were not made for Equation 10 as compared with Equation 14. 
4.1,3 Exponent determination of compressive strength of concrete 
4. 1. 3 .1 Verification of the square root in the shear-bond equation 
Previous research and design criteria (2, 3] indicate that the power of the 
independent variable f' in the shear-bond strength evaluation was taken to 
c 
be 0.5. This previous research was done only on concrete strengths, f' c, 
ranging from 2900 to 4720 psi [2]. 
Regression analyses using the previous computer program [5] were 
performed with data obtained from this investigation which had higher f' 
c 
ranges of 7500 to 8100 psi as compared to the already existing lower f' 
c 
values of 2900 to 4720 psi. A linear regression analysis was performed for 
the following equation: 
v 
u 
bd 
m pd + k (f') a. 
L' c 
The computer program print out gave the value of a, using the pre-
(15) 
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viously determined values of m and k found from Equation 10. The exponent 
value, a, was found to be 0.4944, which is close to the previously used 
value of 0.5. Section 4.2 gives a determination of a that is not dependent 
on previously determined m and k's. 
4.1.3.2 Simple prorationing of experimental shear values The data 
obtained in this investigation reveal that the simple prorationing of 
experimental shear values for a particular shear span length is indeed 
equal to the prorationing of the concrete compressive strengths to the one-
fourth power for two extreme concrete strengths. This prorationing was 
suggested by McCabe [18]. This was found to be true only if the parameters 
such as L', b, d, A, m, k, etc., are taken to be constant. The proration-s 
ing described above suggests that the following relationship would apply: 
!; (f') 4 
c l 
l (f') '4 
c 2 
The subscripts 1 and 2 indicate the values of the two extreme concrete 
(16) 
strengths. Table 14 gives the results of the simple prorationing. Previous 
data collected at Iowa State University [4] did not give good results due 
to the fact that the above-mentioned parameters were not constant enough for 
an adequate comparison. The disadvantage in using this relationship is that 
all parameters have to be constant. 
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4.2 Multiple Linear Regression Analysis 
A multiple linear regression analysis was performed using the Statis-
tical Analysis System (SAS) [19]. The previous computer program [5] which was 
written for the regression analysis was slightly modified to meet the SAS 
program [19]. 
The technique of dimensional analysis given by Zutty [20) was used to 
obtain the basic model of the shear-bond failure equation. The multiple 
linear regression analysis [19) was used to weigh the importance of the 
parameters involved in the equation in order to best fit the data. The 
resulting multiplicative model equation is as follows: 
v 
u 
bd (17) 
The parameters k, a, B and o were found using the multiple linear re-
gression analysis of the data in the following logarithmic form: 
v 
ln (___.!.1_) bd ln(k) + aln(f') + c 
d Sln(p) + o ln(L') (18) 
The above equation was written by Chang [21] for the purpose of assign-
ing computer variable names as: 
LV = ln(k) + aLF + BLG + oLL 
where LV ln(f'), LG 
c 
ln (p) and LL 
A multiple linear regression analysis was performed on the model 
LV ln(k) + aLF + BLG + oLL and the estimated values of ln(k) and values 
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of a, B and o were printed in the computer output as the intercept and 
parameters LF, LG and LL, respectively. 
The above analysis was performed for the following three sets of data: 
(1) the already existing Iowa State University data [ 4], 
(2) the data obtained from the eight specimens of this investigation, 
and (3) the combination of both the above data. 
Table 15 gives the results of the multiple linear regression analysis 
performed on the above-mentioned data. 
The estimated parameters of the multiplicative model for the Iowa State 
University data alone indicated that a is the least significant variable in 
the model. This indicates that f', the compressive strength of concrete, 
c 
had a lower effect on the shear-bond strength, as compared top, the steel 
d 
ratio and L'' ratio of effective depth to shear span. However, when the data 
for the eight specimens were analyzed alone, the a value was very much 
greater than before, which meant that f' did make a contribution in the 
c 
shear-bond equation. Even when both the data sets were combined, a still 
seemed significant, which meant that steel decks made with significantly 
different strengths of concrete did affect the shear-bond strength. 
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power for two extreme concrete strengths provided the parameters such as L', 
b, d, A , in and k are kept constant. Multiple linear regression analysis s 
used on the data obtained in this investigation suggested that f' did make 
c 
a contribution to the shear-bond equation. 
5.3 Recommendations 
To carry out this investigation further, a series of tests should be 
done on different shear span lengths and different ranges of f'. 
c 
The concrete mix designs for the high strength concrete should have 
fly ash present as one of its constituents. The maximum size of the coarse 
aggregate recommended is 1/2 to 3/4 inch. The admixture used in making 
high strength concrete should have a dosage greater than that recommended 
by the manufacturer. Since there is an increase of approximately 10 to 
12% in concrete compressive strength when using steel cylinder moulds 
rather than waxed cardboard cylinder moulds, the former should be recom-
mended for research purposes. 
Due to lack of ti1ne, the load-deflection analysis was not carried on 
further. Further investigation is necessary to find an effective moment 
of inertia applicable to all shear spans and concrete strengths. 
The linear regression co1nputer program should be performed on other 
equations in Reference 2 to find the effects of concrete compressive 
strength on shear-bond capacity. Criteria for design should be formulated 
based upon the conclusions found in this study and additional studies as 
recommended above. These design criteria should be added to those pro-
posed in Reference 3. 
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8. APPENDIX A: TABLES 
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Table 1. Mix proportions for the low and high strength concrete series 
Low strength High strength 
No. Constituents series series 
1. Water 265 lbs. 233 lbs. 
2. Cement 560 lbs. 823 lbs. 
3. Fine aggregate 1148 lbs. 1378 lbs. 
4. Coarse aggregate 2009 lbs. 1415 lbs. 
5. Water reducing agent 5 oz/100 lbs. 
cement 
6. Super plasticizer 15 oz/100 lbs. 
cement 
Table 2. Specimen properties and experimental results 
d 
L L' b D (=D -y ) wDL f' v Specimen er er sb c e 
no. in. in. in. in. in. psf ~ lbs. 
1 86 18 36. 10 5. 38 3.88 48.44 3804 8179 
2 86 18 36.05 5 .13 3.63 45.38 4464 8676 
3 178 60 36.26 5 .13 3.63 46.03 5057 3018 
4 178 60 36 .17 5 .13 3.63 45.84 4220 2730 
5 86 18 36.59 5. 38 3.88 49.19 7993 10724 
,,_ 
6 86 18 36.06 5 .13 3.63 49.19 7860 9107 lM 
7 178 60 36.31 5.25 3.75 49.46 8059 3266 
8 178 60 36.12 5 .13 3.63 48.63 7215 3114 
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Table 3. Specimen properties common for all eight specimens 
No. 
1 
2 
3 
5 
6 
Specimen properties 
Area of the steel deck, (in2 /ft. of 
width) 
Moment of inertia, 
Isf(in4/ft. of width) 
Yield strength of steel, 
F (ksi) y 
Modulus of elasticity of steel, 
E (ksi) 
s 
Modulus of elasticity of concrete, 
E (psi) 
c 
Centroid of steel deck, 
ysb (in.) 
Values 
0.575 
0.88 
41. 7 
29500 
57292./f' 
c 
1.504 
Table 4. Uncracked and cracked section properties 
Yee I Yee I 1eff f' er Specimen b D d t (uncracked) un (cracked) c c 4 4 4 
no. in. in. in. in. ~ n in. in. in. in. in. 
1 36 .10 5.33 3.83 2.33 3804 8.35 2. 37 370.15 1.39 139.74 254. 94 
2 36.05 5.07 3.57 2.07 4464 7. 71 2.24 316.42 1.30 115. 40 215.91 
3 36.26 5.13 3.63 2.13 5057 7.24 2.26 326.21 1.28 113. 46 219. 84 
4 36.17 5.11 3.61 2.11 4220 7.93 2.26 326.08 1. 32 120.84 223.46 
""' Ln
5 36.59 5.39 3.89 2.39 7993 5.76 2. 35 371. 64 1.22 108.43 240.03 
6 36.06 5. 39 3.89 2.39 7860 5. 81 2. 35 365.59 1.22 108.78 237 .19 
7 36. 31 5.41 3.91 2.41 8059 5.74 2. 36 371.67 1.22 109.53 240.60 
8 36.12 5.34 3.84 2.34 7215 6.06 2.33 357.97 1.23 109. 92 233.94 
Table 5. Experimental test results 
Shear span Concrete 
Specimen L' strength 
in. f' psi no. 
c 
1 18 3804 
2 18 4464 
3 60 5057 
4 60 4220 
5 18 7993 
6 18 7860 
7 60 8059 
8 60 7215 
End shear 
v Average 
e 
lbs. 
8179 -----i 
8676 __J 
3018 
2730 
10724 
9107 
3266 =1 
3114 
v 
e 
3190 --~ 
Experimental 
% change in 
v 
e 
11. 0 
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Table 6. Average percent errors for Equation 10, using all the data and 
four ranges of f' 
c 
Average percent error Average percent error 
No. of for f' sorted a No. of for f' grouped c c 
speci- With f' Without f' speci- With f I Without f' Deck mens c c Deck mens c c 
100 12 9.04 10.67 100 12 9.04 10.67 
200 16 12. 79 13. 96 200 16 12. 79 13. 96 
200 7 8.93 6. 99 200 7 8.93 6.99 
300 4 11.17 11. 97 200 4 7.21 7.21 
300 4 6.74 6. 77 300 8 6.66 7.06 
300 12 8.58 8.20 300 8 7.97 6.88 
300 6 14. 87 14.76 300 12 8.58 8.20 
300 4 3.33 3.38 300 10 11. 79 11. 56 
300 4 1.26 1.16 300 6 2.53 2.56 
310 9 5.10 5.16 300 6 2. 77 2. 95 
310 9 1. 67 1.60 300 6 4.44 4.65 
310 15 5.02 5.19 300 4 5. 70 5.65 
310 4 2.71 2.11 300 9 5 .10 5.16 
400 5 8. 34 7.63 310 9 1.67 1. 60 
400 5 3.99 4.02 3l0 20 6.83 6. 79 
400 19 11. 43 11. 94 400 10 8.76 9.37 
400 15 6. 77 6.52 400 38 11. 78 10.91 
400 27 9.42 9.50 400 44 8.50 8.52 
400 14 6.80 6.73 600 5 3.91 3.81 
600 5 3.91 3. 81 
--
TOTALb246 7.38 7.50 TOTALb 264 8.10 8.20 
af' range is 2600 to 3600 psi, 3600 to 4600 psi, 4600 to 5600 psi, 
c 
and 5600 to 10400 psi. 
bThe total includes deck sections in addition to those listed above. 
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Table 7. Average percent errors for Equation 10, using all the data and 
two ranges of f' 
c 
Average percent error Average percent error 
No. of for f' sorted a No. of for f' grouped c c 
speci- With f' Without f' speci- With f' Without f' Deck mens c c Deck mens c c 
100 12 9.04 10.67 100 12 9.04 10.67 
200 16 12.79 13. 96 200 16 12. 79 13. 96 
200 7 8.93 6. 99 200 7 8.93 6.99 
300 8 6.66 7.06 200 4 7.21 7.21 
300 8 7.97 6.88 300 8 6.66 7.06 
300 12 8.58 8.20 300 8 7. 97 6.88 
300 10 11. 79 11. 56 300 12 8.58 8.20 
300 6 4.44 4.65 300 10 11. 79 11.56 
310 9 5.10 5. 16 300 6 4.44 4.65 
310 9 1. 67 1.60 310 9 5 .10 5.16 
310 16 5.31 5.25 310 9 1. 67 1.60 
310 4 2. 71 2.16 310 20 6.78 6.81 
400 10 8.76 9.37 400 10 8.76 9.37 
400 38 11. 78 10.91 400 38 11. 78 10.91 
400 44 8.50 8.52 400 44 8.50 8.52 
400 6 6.29 6.31 400 6 4.02 4.20 
400 6 4.02 4.20 400 12 10.01 10.36 
400 12 10.01 10.36 600 5 3.91 3.81 
600 5 3. 91 3.81 
TOTALb267 7.90 8.00 TOTALb 267 8.10 8.20 
af' range is 2600 to 5200 psi and 5200 to 10400 psi. c 
bThe total includes deck sections in addition to those listed above. 
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Table 8. Comparison of the experimental and calculated ultimate shear-
bond capacities for all eight beams using Equation 10 
Experimental Calculated 
ultimate shear-bond ultimate shear-bond v Specimen capacity capacity u 
no. v (with shoring) lbs. v (lbs.) v e u e 
1 8179 8623 1.05 
2 8676 8172 0.94 
3 3663 4261 1. 22 
4 3371 4110 1.22 
5 10724 10308 0. 96 
6 9107 9492 1.04 
7 3911 4702 1.20 
8 3793 4461 1.18 
Table 9. Average percent errors for Equation 10 using Iowa State University data 
Average percent error Average percent error 
for shoring seearated for shoring combined 
No. of With f' Without f' No. of With f' Without f' Deck specimens c c Deck s12.ecimens c c 
100 12 9.31 10. 94 100 12 9.31 10. 94 
200 8 3.74 4. 38 200 16 14.01 14. 91 
200 7 6.56 5.69 200 7 6.60 5.69 
300 12 9.14 8. 91 300 8 9.11 8.97 
300 6 12.48 12. 34 300 12 9. 14 8.91 
310 3 0.55 0.55 300 10 13.51 13.40 
310 3 0. 71 0. 76 310 9 6.09 6.10 
310 9 3. 77 3.74 310 9 5. 32 5.26 
V> 
0 310 6 4.15 4 .15 310 12 2.92 2.93 
310 6 1.21 1.28 400 10 11. 72 12.14 
310 3 0.34 0.42 400 38 12.34 11. 75 
400 6 10.58 10.46 400 44 9.28 9.43 
400 32 11. 37 10. 69 600 5 4.09 4.00 
400 41 9.53 9. 53 
a a 
TOTAL 254 7.44 7.79 TOTAL 259 8. 90 9.18 
3 The total includes deck sections in addition to those listed above. 
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Table 10. Results of shoring correction on ACI equation and 
Schuster-Ling equation 
Condition 
Without shoring 
correction 
With shoring 
correction 
Average percent error 
ACI equation 
With f' Without f' 
____ c.c- c 
5.8 6.98 
4.53 6.60 
Schuster-Ling 
equation 
6.50 
6. 35 
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Table 11. Average percent errors for Equation 14, using all the data and 
four f' ranges 
c 
No. of Average percent error No. of Average percent error 
speci- for f' a speci- for f' grouped sorted Deck inens c Deck mens c 
100 12 10.41 100 12 10.41 
200 16 14.07 200 16 14.07 
200 7 8.57 200 7 8.57 
300 4 11. 22 300 8 6. 95 
300 4 5.75 300 8 6. 95 
300 12 7. 59 300 12 7.59 
300 6 13.43 300 10 10.08 
300 4 I. 00 300 6 2. 21 
310 9 4.55 300 6 2.48 
310 9 2.23 300 6 3. 97 
310 15 5.29 310 9 4.55 
400 5 5. 80 310 9 2.23 
400 5 3.21 310 20 6. 71 
400 19 10.76 400 10 7.05 
400 15 6.68 400 38 10.46 
400 27 8.25 400 44 7. 35 
400 14 5. 34 400 6 6. 31 
400 6 6.31 400 6 4. 91 
400 8 8.62 400 12 8.27 
400 4 5. 77 600 5 3.65 
600 5 3.65 
TOTALb242 8. 70 b TOTAL 267 9.10 
af~ range is 2600 to 3600 psi, 3600 to 4600 psi, 4600 to 5600 psi, 
and 5600 to 10400 psi. 
bThe total includes deck sections in addition to those listed above. 
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Table 12. Comparison of the experimental and calculated ultimate shear-
bond capacities for all eight beams using Equation 14 
Experimental Calculated 
ultimate shear-bond ultimate shear-bond v Specimen capacity capacity u 
no. v (with shoring) lbs. V (lbs.) v 
e u e 
---
1 8179 8733 1. 07 
2 8676 8159 o. 94 
3 3663 3521 o. 96 
4 3371 3515 1.04 
5 10724 10304 o. 96 
6 9107 9500 1.04 
7 3911 3972 1.03 
8 3793 3814 1. 01 
Table 13. Average percent errors for Equation 14 using the Iowa State University data 
Average percent error Average percent error 
for shoring seEarated for shoring combined 
No. of With shor- W/o shoring No. of With shor- W/o shoring 
Deck specimens ing correction correction Deck specimens ing correction correction 
100 12 10.41 10.76 100 12 10.41 10. 76 
200 8 9.02 6.73 200 16 14.07 13.22 
200 7 8.57 7.26 200 7 8.57 7. 26 
300 12 7 .59 8.59 300 8 6. 95 7.56 
300 6 8.76 10. 11 300 12 7.59 8.59 
310 3 0.54 0.55 300 10 10.08 11. 66 
"' 310 3 0.56 0.67 310 9 4.55 5.34 ,,_ 
310 9 2.07 2.56 310 9 2.23 4.69 
310 6 4.15 3. 91 310 12 2.66 2.60 
310 6 1.28 1.20 400 10 7 .05 11.20 
310 3 0.42 0.41 400 38 10. 46 11. 19 
400 6 8. 96 9.44 400 44 7.35 8.08 
400 32 9.32 9.94 600 5 3.65 4.05 
400 41 7.54 7.89 
TOTAL a 254 6.40 7.10 TOTAL a 259 7.50 8.30 
aThe total includes deck sections in addition to those listed above. 
55 
Table 14. Results of the simple prorationing of experimental shear 
values 
Shear span 
L' 
18 11 
60" 
0.852 
0.870 
l< (f') 4 
c I 
(f' )'4 
c 2 
0.855 
0.882 
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9. APPENDIX B: FIGURES 
STRUCTURAL -----r~­
CON CRETE 
CELLULAR COMPOSITE 
COLO-FORMED 
STEEL DECK 
-_,.~L- COMPOSITE 
COLD-FORMED 
STEEL DECK 
SUPPORT 
Figure I. Typical building floor slab utilizing cold-formed steel decking 
with composite support beams (Reference l) 
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L 
Figure 2. Typical arrangement for testing one-way slab elements 
(Reference 2) 
L' 
---------
v 
e 
-STEEL DECK 
Figure 3. Typical shear-bond failure (Reference 2) 
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Figure 4. View of all eight failed test specimens 
Figure 5. Shear-bond failure of the low strength series 
Figure 6. Shear-bond failure of the high strength series 
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Figure 7. Testing arrangement and overall view of a short 
specimen during testing 
Figure 8. Testing arrangement and overall view of a long 
specimen during testing 
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Figure 9. Side view of the tes ting apparatus and specimen 
Figure 10. Diagonal tension crack at or near the load point 
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Figure 12 . Load-def l ection diagram for low s trength concre t e 
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Figure 15. Typical view of Deck 310, 20-gage 
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Figure 17. Load vs. shear-bond end-slip diagrams 
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Figure 22. Comparison of experimental and calculated ultimate 
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Figure 29. Comparison of experimental and ca l c ulated ultimate shear-
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